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I
I Radiological Data Review and Validation Guidelines

Isotopic Analyses by Alpha Spectroscopy

U.S. Radium Remedial Investigation/Feasibility Study

Scope and Applicability

This document provides guidance for the review of laboratory data packages and the
validation of analytical results for alpha particle activities of thorium-230, thorium-232,
and uranium-238 from samples collected for the US. Radium Remedial Investigation/
Feasibility Study (RI/FS).

Purpose

The purpose of review and validation is to assure that the quality of each data point
is known, and that each data point is flagged with a qualifier indicating the quality of

»

that data point. In addition, data validation provides a review of laboratory quality
control (QC) measures so that corrections to laboratory procedures can be
implemented if necessary. It is assumed that field samplers and analytical
laboratories have followed approved methods and adhere to good laboratory
practices. This procedure provides guidelines for review and validation of
radioanalytical data packages, and establishes criteria for applying appropriate da*»
qualifiers to individual data points.

Criteria

The criteria used to evaluate data are based on the examination of instrument
calibration, calibration verification, internal laboratory spike analysis, energy
calibration, duplicate/replicate analysts, blank analysis, radiochemical yield analysis,
and quantitative review.

300791



I
Currently, there are no standard methods for radiological data evaluation or

I validation that are equivalent to the Environmental Protection Agency (EPA)
Contract Laboratory Program (CLP) methods for chemical data. This document

I suggests areas for review of data packages and acceptance limits for the assessment
and validation of radiochemistry results, based on accepted nuclear industry standards
and draft data validation protocols used at Department of Energy (DOE) sites.

Instrument Calibration

For alpha particle measurements, the detectors must be calibrated to obtain the
counting efficiency for each of the radionucliJes with a standard traceable to the
National Institute of Standards and Technology (NIST). Each detector should have
been calibrated with an alpha standard representative of the target radionucb'des
within 1 year of the analysis date. The standard should have been prepared in the
geometry and weight ranges expected to be encountered.

Results for all samples analyzed on an instrument that was not properly calibrated
should be flagged "estimated" (J).

Calibration Verification

A calibration verification should have been performed weekly with an independently
prepared verification standard. The measured efficiency value should not be more
than three standard deviations (3o) from the value determined at the time of
calibration. Alpha spectrometers require a weekly energy vs channel calibration
verification with a source having at least two alpha emitters. The results from any
detector where the energy calibration is more than three channels out of calibration
should be flagged "estimated" (J).

I OROR3SAU1.51 2
1

I
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I
Results for samples analyzed after a verification beyond control limits and before the

I next adjacent acceptable verification should be flagged "estimated" (J). If the
, calibration verification was not performed, all results should be flagged "estimated"

GO-

Internal Laboratory Spike Analysis

Internal laboratory spikes (ILS) should have been analyzed for each target isotope at
a frequency of 1 per batch of 20 samples. The ILS samples provide an indication of
laboratory accuracy.

The ILS acceptance criteria are shown below:

• Water-^0 to 120 percent of known value

• Urine—65 to 135 percent of known value

• Soil and Sediments—70 to 130 percent of known value
^*

• Building Materials—70 to 130 percent of known value if the building
material matrix is similar to soil (crushed concrete). Otherwise, exercise
professional judgment.

All values associated with an ILS beyond the acceptance criteria should be flagged
"estimated" (J).

Duplicate/Replicate Analysis

A laboratory duplicate should have been analyzed for each batch of 20 samples. The
duplicate samples provide an indication of laboratory precision.

OROR35flll.5i 3
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I
A control limit of ^20 percent for water samples and +35 percent for urine, soil,

| sediment, and building materials samples for the relative percent difference (RPD)
shall be used for samples values >5x contract-required detection limit (CRDL).

A control limit of _+CRDL tor water samples and _+2x CRDL for urine, soil,
sediment, and building materials samples shall be used for sample values <5x CRDL,
including the case when only one of the duplicate sample values is <5x CRDL

Check the raw data and recalculate one or more RPD using the following equation to
verity that results have been correctly reported.

RPD • ,|f '?'' x 100
(S * S)/2

Where:

S « First sample value (original)
D = Second sample value (duplicate or replicate)

Verify that the field blank was not used for duplicate analysis. If the field blank was
used for duplicate analysis, all other QC data must be carefully checked and
professional judgment exercised when evaluating the data.

If duplicate analysis results for a particular radionuclide fall outside the appropriate
control windows, qualify the results for that radionuclide in all associated samples of
the same matrix as "estimated" (J).

AH results associated with a field replicate beyond control limits should be flagged
"estimated" (J).

OROR3S/OU.S1
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Blank and Background Analysis

I One laboratory blank sample should have been prepared and analyzed for each batch
of 20 samples. Blanks are used to determine background counts due to
environmental and reagent radiation sources High blank sample results may also
indicate the presence of laboratory or counter contamination.

The results for all blanks should be recorded and plotted on a QC chin. Control
limits should be set at 3 standard deviations (30) from the mean for each QC chart.
If the blank QC results fall outside the appropriate tolerance limits (30) for the set of
samples covered by the blank, qualify the results in all associated samples as
"estimated" (J).

If radionuclides are detected in blanks, then sample results for the same radionuclides
should be considered as positive only if they exceed 5 times the blank concentration.
Samples that show positive results less than 5 times the blank values (for
radionuclides detected in blanks) should be flagged estimated (J).

If a compound is found in a blank but not in the sample, no action should be taken.

Backgrounds should be run on each detector at least monthh' for alpha spectrometer
systems. The current background should be within +3 standard deviations of the
previous background.

Sample Spike Analysis

Sample spike analysis is required to determine radiochemical recovery (yield). The
tracer used should have chemical behavior similar to the target radionuclides. For
most procedures, the recovery is determined using an isotope of the anah/te of

OROR3UU1.J1
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I
interest. This isotope is one that is not expected to occur in the samples to be

I analyzed.

' The quantity of tracer material used should be adequate to provide a maximum of
10 percent uncertainty at the 95 percent confidence level in the measured recovery.

Check the raw data to verify that recoveries are accurately reponed. Recalculate one
or more of the recoveries (%R) using the following equation:

<ZR = '""* x 100
CT*t

Where:

CFOUIKJ = Concentration (in pCi/1 for aqueous, pG/g for solid) of each
spiked analyte measured in the analysis of* sample solution

Concentration (in pCi/1 for aqueous, pCi/g for solid) of each
analyte in the spike source

Review the radiological yields and set appropriate recovery limits. The following
approaches are suggested for qualification of the data, but may be modified based on
a review of all data from the case, especially considering the apparent complexity of
the sample matrix.

• 50 to 100 percent: Acceptable for yse
• > 100 percent: Estimated (J)
• 10 to 50 percent: Estimated (J)
• < 10 percent: Unusable (R)

OROR35/V1U1
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I
. The criteria shown above will be applied to water and soil/sediment samples. These
I criteria may be modified slightly for building materials and urine samples. The data
i validator will exercise professional judgment in qualifying the data from complex

matrices such as building materials and urine.

Quantitative Review

Results should be reported in pCi/g solids (dry weight) and pCi/1 water. Sample
results should be reported to two significant figures. "Less Than" (LT) results should
be reported to one significant figure.

Radionuclide quantitation must be calculated according to the appropriate procedures
specified in the contractual Scope of Work (SOW). Detection limits specified in the
specific procedures must be met unless other detection limits are specified in the

, SOW. Analytical uncertainties should be reported with all results in order to qualify
the data. Results and uncertainties should be reported for all required analyses

1 regardless of the size or sign of the result. The reported uncertainty should be the
standard 2 sigma counting error.

!
The raw data should be examined to verify the correct calculation of sample results
reported on the summary form by the laboratory.

A. Examine the raw data for any anomalies (i.e., omissions, legibility, etc).

B. Verify that there are no transcription or reduction errors (e.g., dilutions,
percent solids, sample weights) on one or more samples.

C. Verify that counting uncertainties have been reported or otherwise
documented.

OROR35/D11.51
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D. Verify on one or more samples that minimum detectable activity (MDA) has
been properly calculated as shown below:

MDA (pCi/g solids, pCifl water) =

Where:

Bkg = Background count rate in cprn
T = Count time
E = Counting efficiency
Vol - Volume of sample (liters for water, grams for solids)
R - Chemical recovery

i Closely evaluate net negative results that have uncertainties smaller than the absolute
value of the negative result. This may be an indication of improper blank subtraction.

| Such results should be flagged as estimated (J). The laboratory should be contacted
to determine if there is evidence of a background subtraction problem. If there is
additional evidence of a background subtraction problem, flag the results as "rejected"
(R)

If any discrepancies are found, the laboratory may be contacted by the designated
representative to obtain additional information that could resolve any differences. If
a discrepancy remains unresolved, the reviewer may determine that qualification of
the data is warranted.

OROR35.011.Sl 8
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Radiological Data Review and Validation Guidelines
Isotopic Analyses by Alpha Spectroscopy

U.S. Radium Remedial Investigation/Feasibility Study

OROR35.036J:

300799



I
{

APPENDIX C
•

DATA VALIDATION PROTOCOLS FOR RADIOLOGICAL DATA
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FEDERAL DRXNKXNQ WATER STANDARDS

40 CFR Parts 141 & 142

(as of January, 1991)

ORGANIC
all units are nicrograas per liter (ppb)

Chemical_______________MCL *________PMCL • ______MCLQ *

Aery1amide Q Treatment Tachniqua - 0
Benzene 5 - 0
Carbon Tetrachloride 5 - 0
o-Dichlorobenzene Q . 600 - 600
p-Dichlorobenzene 75 - 75
1,2-Dichloroethane 5 - 0
1.1-Dichloroethylene 7 - 7

cis-l,2-Dichloro-
ethylene Q 70 70

trans-1,2-Dichloro-
ethylene Q 100 - 100

1.2-Dichloropropane Q 5 - 0
Dichloromethane
(methylene chloride) - 5 0 (P)

Di(ethylhexyl)adipate - 500 - 500 (P)
riC=thylhexyl)phthalate - 4 0 (P)

Epichlorohydrin 9 Treatment Technique - 0
Ethylbenzene « 700 - 700
Ethylene
dibronide Q 0.05 - 0

Hexachlorobenzene - 1 0 (P)
Hexachlorocyclopentadiene - 50 50 (P)

Monochlorobenzene Q 100 - 100
PAHs[Benzo(a)pyrene] 4- - 0.2 0 (P)
PCBs Q 0.5 - 0
Pentachlorophenol - 1 0 (P)
Styrene 9 100 - 100

Tetrachloroethylene 9 5 - 0
Toluene 1000 - 1000
1,2,4-Trichlorobenzene - 9 9 (P)
1.1.1-Trichloroethana 200 - 200
1.1.2-Trichlorethane - 5 3 (P)
Trichloroethylene 5 - 0

Trihaloroethanes
(total) 100 -

2,3,7,8-TCDD - 5x10"* 0
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1
1
1

•

Chemical

Vinyl Chloride
Xylenes (total) 9
PESTICIDES /HERBICIDES

Alachlor 9
Aldicarb
Aldicarb Sulfoxide
Aldicarb Sulfone
Atrazine 9

Carbofuran 9
Chlordane 9
Dalapon
Dibromochloropropane 9
Dinoseb
Diquat
2,4-D •• Q
2,4,5-TP ••• 9

Endothall
Endrin
Plyphosate
Heptachlor '9
Heptachlor epoxide 9

Lindane 9
Methoxychlor 9
Oxamyl (Vydate)
Picloram
Simazine
Toxaphene 9

-2-

MCL

2
10000

2
••-
-
-
3

40
2
-
0.2
-
-
70
50

-.
0.2
-
0.4
0.2

0.2
40
-
-
-
3

• »

»MCL

—

•

—

3
3
3
-

.
-

200
-
7
20
—
—

100
2

700
-
•

_
-

200
500
1
-

MCLO

0
10000

0
1 (P)
1 (P)
2 (P)
3

40
0

200 (P)
0
^ (P)
20 (P)
70
50

100 (P)
2 (P)

700 (P)
0
0

0.2
40
200 (P)
500 (P)
1 (P)
0

• MCL: Maximum Contaminant Level
PMCL: Proposed Maximum Contaminant Level
MCLG: Maximum Contaminant Lave*. Seal
(P): Proposed MCLG

** 2,4-D: 2,4-Dichlorophenoxypropionic acid
*** 2,4,5-TP: 2,4,5-Trichlorophenoxypropionic acid (Silvex)
• Phase II MCLs promulgated 1/30/91 in 56 PR 3526 and will

take effect for PWS in 7/92. These MCLs must be adopted or
made more stringent by the States by 7/92.

+ EPA is also considering the establishment of MCLGs and MCLs for
six additional Polycyclic Aromatic Hydrocarbons (PAHs).
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-3-

IHORQAKIC

all units are milligrams per liter (ppm) , except as noted
Chemical MCL MICL MCI.O

Arsenic
Antimony
Asbestos2 Q
Barium
Beryllium

Cadmium Q
Chromium <J
Copper
Cyanide
Fluoride

Lead
Mercury
Nickel
Nitrate (as N) Q
Mitrite (as N) Q
Nitrate+Nitrite(as N)

Selenium 3
Silver

0.05
-
7
1.0
.

0.005
0.1

—
4

0.05
0.002
-
10
1.0

9 10

0.05
0.05

.
0.01/0.0051
•
2.0
0.001

.

1.3
0.2
•

0.005
-
0.1
-
.

-
.
-

0.003 (P)
7
2.0
0 (P)

0.005
0.1
1.3 (P)
0.2 (P)
4

0 (P)
-
0.1 (P)
10
1.0
10

0.05
-

Sulfate*
Thallium

400/500
0.002/0.0011

400/500(P)
0.0005 (P)

• EFA is considering two alternative MCLs based upon a
Practical Quanitative Level (PQL) of five times the Method
Detection Limit (MDL) or ten times the KDL.

2 The PMCL and MCLG for asbestos apply to fibers longer than
10 micrometers, and are in units of Billion fibers per liter.

3 A current Secondary MCL exists for this compound.
4 Sulfate is being regulated for its acute short-term

effects. EFA is considering alternative MCLGs and MCLs for
sulfate.

300803



-4-

KADZOLOQZCJU.

Radon 200 200-2000 pCi/1 Proposed
Radon 222

Radium 226/228 (total) 5 pCi/1 Current
Radium 226 2-20 pCi/1 Proposed
Radium 228

Uranium 5-40 pCi/L Proposed

Beta Particle 6
Photon emitters 4 mrem/yr

w

Gross Alpha 15 pCi/L under
investigation
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-5-

MICXOBXOLOGICAL

Total Coliform
Membrane Filter Method:

Fermentation Tube Method:

Ciardia viruses,
Lecrionella. & beterotrophie
plate count bacteria:

Effective 12/31/90

1 per 100 milliliter sample
(monthly mean) and/or 4 per 100
nilliliter sample (one sampling
•vent)
coliform shall not be present in
any of the following:
a) more than 10% of the tubes in

any month;
b) three or more tubes in more than

one sample (less than 20 samples
per month) or more than 5% of
the samples (more than 20 sam-
ples per month).

Treatment technique requirements in
lieu of MCLs. . See 40 CFR 141
subpart H - Filtration 4
Disinfection; also Federal
Register, Vol. 54, No. 124,
Thursday June 29,1989

MCLGs for Giardia Iambiia, viruses, Legionella, & total coliform
are zero.

TURBIDITY

Maximum allowable levels: 1 Nephelometric Turbidity Unit
(NTU), based on monthly mean; and

5 NTUs, based on average of two
consecutive days' samples.
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I

FEDERAL SECONDARY MCLS

CONTAMINANT
LEVEL

Aluminum - 0.05
Chloride 250 mg/1
color 15 Color Units
Copper 1 mg/1
Corrosivity non-corrosive
Fluorid* 2.0 my/I
Foaaing agents 0.5 ag/1 -
Iron • 0.3 ag/1
Mangan«»« 0.05 ag/1 -
Odor 3 Threshold Odor Nuabsr -
pH C.5 - t.S pR units
Silver .- 0.09
Sulfate 250 ag/1
Total Dissolved Solids (TDS) "500 »g/l
Zinc 5 ag/1
6-Dichlorobenzene - 0.01
p-Dichlorobenzene - 0.005
Ethylbanzene . - 0.03
Hexachlorocyelopentadiene - . O.OOt
Pentachlorophenol - 0.03
Styrene - 0.01
Toluene - 0.04
Xylenec (total) - 0.02
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COMPARISON OF FEDERAL AND STATE MCL»
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COMPARISON OF FEDERAL TO STATE MCLS FOR REGION II
(as of January 1991)

ORGANIC

all unite are nicrograns per 11tar (ppb)

Chamieal______________ygDMCL_____MJMCL_______HYMCL+

Acrylamide 9 treatment -
Benzene 5 1 5
Bronobenzene - - 5
Bromochloronethane - - 5
Broroomethane - - 5
n-Butylbenzane - - 5
sec-Butylbenzene '- - 5
tert-Butylbenzene - 5
Carbon Tetrachlorida 5 2 5
Chlorobenzene - 4 5
Chloroethane - - 5
Chloromethane - - 5
2-Chlortoluene - - 5
4-Chlortoluene 5
Dibroraonethane - - 5
o-Dichlorobenzene (1,2)9 600 600 5
ro-Dichlorobenzene (1,3) - 60Q 5
p-Dichlorobenzene (1,4) 75 75 5
Dichlorodifluoronethane - 5
1,2-Dichloroethane 5 2 5
1,1-Dichloroethane - 5
1.1-Dichloroethylene 7 2 5
cis-l,2-Dichloroethylene(J 70 10 5
trans-1,2-DichloroethyleneO 100 10 5
1.2-Dichloropropane 5 - 5
1.3-Dichloropropane - • - 5
2,2-Dichloropropane - • . - 5
1,1-Dichloropropana - - 5
cis-l,3-Dichloropropana - - 5
trans-1,3-Dichloropropana 5
Epichlorohydrin 9 treatment
Ethylbenzene d 700 - 5
Ethylene dibronide Q 0.05
Hexachlorobutadiane - - 5
Isopropylbanzene - - 5
p-Isopropyltoluene - - 5
Methylene chloride 2 5
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-2-

Chenieal__________________TBDMCL______HJHCL_________KYMCL+

Monochlorobenzene 9 100 -
PCB'S 9 0.5 0.5
n-Propylbenzene - - 5
Styrene 9 100 - 5
1,1,1,2-Tetrachloroethane - - 5
1,1,2,2-Tetrachloroethane - 5
Tetrachloroethylene 9 1 5
Toluene - - 5
1.2.3-Trichlorobenzene 8 5
1.2.4-Trichlorobenzine 8 5
1.1.1-Trichloro«thane 200 26 5
1.1.2-Trichloroethane - 5
Trichloro«thylen* 5 1 5
Trichlorofluoromethane - 5
1.2.3-Trichloropropana - 5
1.2.4-Trim«thylb«nzene - 5
Ir3,5-Tria«thylbenzene - 5
Vinyl Chloride 2 2 2
Xyl«n*» (total) 8 10000 44 . 5

Trihalomethanes
(total) 100 100 ' 100

Unspecified organic
contaminant (UOC) N/A N/A 50
Total Principal organic
(POCs)-f and UOCS++ N/A N/A 100

PESTICIDES/HERBICIDES
Alachlor Q 2
Atrazine Q 3
2,4-D * • 70 100 50
2,4,5-TP ** 9 50 10 10
Carbofuran 9 40 - -
Chlordane • 2 0.5
Dibromochloropropane • '0.2 - . -
Endrin 0.2 0.2 0.2
Heptachlor • 0.4 -
Heptachlor epoxide 9 0.2
Lindane 9 0.2 4 4
Methoxychlor 9 40 100 50
Toxaphene 9 3 5 5
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* 2,4-D: 2,4-Dichlorophenoxypropionic acid
** 2,4,5-TP: 2,4,5-Trichlorophenoxypropionic acid (Silvex)

N/A * not applicable
*f Principal organic contaainant (POC) aeans any organic

chemical compound belonging to the following classes, except
for Total Trihalometbanes, Vinyl Chloride and regulated
Pesticides/Herbicides:

1) Halogenated alkane
2} Halogenated ether
3) Halobenzenes and substituted halobenzenes
4) Benzene and alkyl- or nitrogen-substituted benzenes
5) Substituted, unsaturated hydrocarbons
6) Halogenated nonaroaatic cyclic hydrocarbons

Further definition of the POCs is contained in Chapture I of
the New York Sanitary Code Part 5, Subpart S-l.l(ab). A
table listing the POCs is found in Table 9A of the same
document. • •

++ Unspecified organic contaminant (UOC) means any organic
chemical compound not otherwise specified in Chapture I of
the New York Sanitary Code Part 5, Subpart 5-1.

6 Phase II MCLs promulgated 1/30/91 in 56 FR 3526 and will
take effect for PWSS in 7/92. These MCLs must be adopted or
made more stringent by the States by 7/92.
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OTAEK

The standards for Radiological, Coliform Bacteria and Turbidity
have been adopted from the federal MCLs by the states (including
VI & PR).

IHOROANIC

all units are milligrams per liter (ppm), except as noted

Chemical

Arsenic
As&estos1 Q
Barium
Cadmium Q
Chromium Q
Fluoride (ppm)
Lead
Mercury
Nitrate (as N) 9
Nitrite (as N) Q
Nitrate+Nitrite(as N)Q
Selenium 9
Silver

MDMCL

0.05
7
1.0

> 0.005
0.1
4
0.05
0.002
10
1.0
10
0.05
0.05

MJMCL

0.05
-
1.0
0.010
0.05
4
0.05
0.002
10
-
-
0.01
0.05

mntcL
0.05
- '.
1.0
0.01
0.05
2.2
0.05
0.002
10

• -
-
0.01
0.05

Phase ZZ MCLs promulgated 1/30/91 in 56 FR 3526 and will
take effect for PWSS in 7/92. These MCLs must be adopted or
made more stringent by the States by 7/92.

1 The MCL for asbestos apply to fibers longer than 10
micrometers, and are in units of million fibers per liter.

300811



Radiological Data Review and Validation Guidelines
Isotopic Analyses by High Resolution Gamma Spectroscopy

U.S. Radium Remedial Investigation/Feasibility Study

Scope and Applicability

This document provides guidance for the review of laboratory data packages and the
validation of analytical results for the gamma activity of radium-226 from the U.S.
Radium Remedial Investigation/Feasibility Study (RI/FS).

Purpose

The purpose of review and validation is to assure that the quality of each data point
is known, and that each data point is flagged with a qualifier indicating the quality of
that data point. In addition, data validation provides a review of laboratory quality
control (QC) measures so that corrections to laboratory procedures can be
implemented if necessary. It is assumed that field samplers and analytical
laboratories have followed approved methods and adhere to good laboratory
practices. This procedure provides guidelines for review and validation of
radioanalytical data packages, and establishes criteria for applying appropriate data
qualifiers to individual data points.

Criteria

The criteria used to evaluate data are based on the examination of instrument
calibration, calibration verification, internal laboratory spike analysis, duplicate/
replicate analysis, blank analysis, sample spike analysis, instrument background, and
quantitative review.
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Radiological Data Review and Validation Guidelines
Isotopic Analyses by High Resolution Gamma Spectroscopy

U.S. Radium Remedial Investigation/Feasibility Study
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I Currently, there are no standard methods for radiological data evaluation or
" validation that are equivalent to the Environmental Protection Agency (EPA)
. Contract Laboratory Program (CLPj methods for chemical data. This document

outlines areas for review of data packages and acceptance limits for the assessment
and validation of radiochemistry results, based on accepted nuclear industry standards
and draft data validation protocols used at Department of Energy (DOE) sites.

Instrument Calibration

For gamma activity measurements, the detectors must be calibrated to obtain the
counting efficiency for each of the target radronuclides in the geometries to be used
for sample analysis. The calibration standard should be traceable to the National
Institute of Standards and Technology (NIST).

Results for all samples analyzed on an instrument that was not properly calibrated
should be flagged "estimated" (J).

V

Calibration Verification
_-'

A weekly instrument calibration verification should have been performed. This
calibration should have been done with a radionucljde source with a minimum of two
gamma emitters. This weekly check should verify the efficiencies of the instrument
and be used to adjust the energy calibration. The measured efficiency values should
fall within +3 standard deviations (3o) of the values determined at the time of
calibration.

All samples analyzed after a verification beyond control limits and before the next
adjacent acceptable verification should be flagged "estimated" (J).
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If the calibration verification was not performed, all results should be flagged
"estimated" (J).

Any sample result with one or more gamma peaks varying by more than +3 channels
from the calibrated value should be flagged "estimated" (J).

Internal Laboratory Spike Analysis

Internal laboratory spikes (ILS) should have been analyzed for each target isotope at
a frequency of 1 per batch of 20 samples. The ILS samples provide an indication of
laboratory accuracy.

The ILS acceptance criteria are shown below:

• Water—80 to 120 percent of known value

• Urine—65 to 135 percent of known value

• Soil and Sediments—70 to 130 percent of known value

• Building Materials—70 to 130 percent of known value if the building
material matrix is similar to soil (crushed concrete). Otherwise, exercise
professional judgment.

AD values associated with an ILS beyond control limits should be flagged "estimated"
(J).

OROIU5/012.51
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Duplicate/Replicate Analysis

A laboratory duplicate should have been prepared and analyzed for each batch of
20 samples. The duplicate samples provide an indication of laboratory precision.

A control limit of +20 percent for water samples and +35 percent for urine, soil,
sediment, and building materials samples for the relative percent difference (RPD)
shall be used for samples values >5x contract-required detection limit (CRDL).

A control limit of ±CRDL for water samples and +2x CRDL for urine, soil,
sediment, and building materials* samples shall be used for sample values <5x CRDL,
including the case when only one of the duplicate sample values is <5x CRDL

Check the raw data and recalculate one or more RPD using the following equation to
verify that results have been correctly reported.

RPD = ~ x 100
(S «• S)/2

Where:

S = First sample value (original)
D = Second sample value (duplicate)

Verify that the field blank was not used for duplicate analysis. If the field blank was
used for duplicate analysis, all other QC data must be carefully checked and
professional judgment exercised when evaluating the data.
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I
If duplicate analysis results for a particular radionuclide fall outside the appropriate

I control windows, qualify the results for that radionuclide in all associated samples of
the same matrix as "estimated" (J).

All results associated with a field replicate beyond control limits should be flagged
"estimated" (J).

Blank and Background Analysis

At least one of every 20 samples (5 percent of samples) should be a blank. Blanks
are used to determine background counts due to environmental and reagent radiation
sources. Blank sample results should be examined to determine that the activities for
blanks are less than or equal to the minimum detectable activity (MDA) for each
gamma emitter of interest.

If radionuclides are detected in blanks, then sample results for the same radionuclides
should be considered as positive only if they exceed 5 times the blank concentration.
Samples that show positive results less than 5 times the blank value (for radionuclides
detected in blanks) should be flagged "estimated" (J).

A background spectra should be obtained for each detector at least once every two
weeks. Background counts should be subtracted from the sample counts. High
background counts may indicate the presence of laboratory or counter contamination.
The latest background spectra should agree to within 3 standard deviations (3o) of
the long-term average background spectra of the detector. Any sample value
determined when the background was outside these limits should be flagged
"estimated" (J).

OROR33/01Z31
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Quantitative Review

Results should be reported in pCi/g solids (dry weight) and pCi/1 water. Sample
results should be reported to two significant figures. "Less Than" (LT) results should
be reponed to one significant figure.

Radionuclide quantitatinn must be calculated according to the appropriate procedures
specified in the contractual Scope of Work (SOW). Detection limits specified in the
specific procedures must be met unless other detection limits are specified in the
SOW. Analytical uncertainties should be reported with all results in order to qualify
the data. Results and uncertainties should be reported for all required analyses
regardless of the size or sign of the result. The reponed uncertainty should be the
standard 2 sigma counting error.

The raw data should be examined to verify the correct calculation of sample results
reponed on the summary form by the laboratory.

A. Examine the raw data for any anomalies (i.e., omissions, legibility, etc).

B. Verify that there are no transcription or reduction errors (e.g., dilutions,
percent solids, sample weights) on one or more samples.

C. Verify that counting uncertainties have been reported or otherwise
documented.

D. Verify on one or more samples that minimum detectable activity has been
properly calculated as shown below:

OROR35*>1151
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MDA (pCi/g solids, pCi/l water) . 4>66

Where:

Bkg = Background count rate in cpm
T - Count time
£ = Counting efficiency
Vol = Volume of sample (liters for water, grams for solids)
R - Chemical recovery

Closely evaluate net negative results that have uncertainties smaller than the absolute
value of the negative result. This may be an indication of improper blank subtraction.
Such results should be flagged as "estimated" (J). The laboratory should be contacted
to determine if there is evidence of a background subtraction problem. If there is
additional evidence of a background subtraction problem, flag results as "rejected"
(In-

validation Flags

Data results that do not meet the acceptance criteria are qualified with flags, which
are single letter abbreviations that indicate a problem with the data. The following
flags are used in this guide:

J = Indicates the anaryte is present but.the reported value may not
be accurate or precise because the associated quality assurance
(QAJ/QC was unacceptable.

R » Indicates the data is unusable. This flag is used when the data
results should not be used to support project decisions.

OROR3J4012.il
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UJ = The sample was analyzed, but the analyte was not detected
above the stated concentration. The associated value is an
estimated detection limit.

The following subqualifiers give funher detail of the type and amount of qualification
a given result has received.

t

-D - Qualified because laboratory duplicate control limits were
exceeded

-S «• Qualified because matrix spike recovery control limits were
exceeded

-C = Qualified due to instrument calibration problems

-B = Qualified due to blank contamination problems

-Q » Qualified due to reasons not stated above—refer to the text of the
report

References

Sample Preparation SOPs from Controls for Environmental Pollution.

QA—Standard Operating Procedure for Accepting Spike and Duplicate Results
(CEP-QA-102, revised 1-20-89).

Radiochemical Data Validation Guidelines—Analyses by High Resolution Gamma
Spectrometry. Rocky Flats Plant, Golden, Colorado. Version 1.1. Rev. January
1991.
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Radiological Data Review and Validation Guidelines
Ra-226 by Radon Emanation

U.S. Radium Remedial Investigation/Feasibility Study

Scope and Applicability

This document provides guidance for the review of laboratory data packages and the
validation of analytical results for Ra-226 by radon emanation from samples collected
for the US. Radium Remedial Investigation/Feasibility Study (RI/FS).

«.

Purpose

The purpose of review and validation is to assure that the quality of each data point
is known and that each data point is flagged with a qualifier indicating the quality of
that data point. In addition, data validation provides a review of laboratory quality-
control (QC) measures so that corrections to laboratory procedures can be
implemented if necessary. It is assumed that field samplers and analytical
laboratories have followed approved methods and adhere to good laboratory
practices.

This procedure provides guidelines for review and validation of radioanalytical data
packages, and establishes criteria for applying appropriate data qualifiers to individual
data points.

Criteria

The criteria used to evaluate data are based on the examination of holding times,
instrument calibration, calibration verification, internal laboratory spike analysis,
energy calibration, duplicate/replicate analysis, blank analysis, radiochemical yield
analysis, and quantitative review.

OROR3S,«29.S: 1
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Currently, there are no standard methods for radiological data evaluation or
validation that are equivalent to the Environmental Protection Agency (EPA)
methods for chemical data. This document suggests areas for review of data
packages and acceptance limits for the assessment and validation of radiochemistry
results, based on accepted nuclear industry standards and draft data validation.

Instrument Calibration

Alpha scintillation counters must be calibrated with a standard traceable to the
National Institute of Standards and Technology (NIST).

Calibration should be performed at least quarterly for each photomultiplier tube.

Results for all samples analyzed on an instrument that was not properly calibrated
should be flagged "estimated" (J).

Calibration Verification

A calibration verification should have been performed weekly for each
photomultiplier tube with an independently prepared verification standard. The
measured efficiency should not be more than 3 standard deviations (30) from the
efficiency determined at the time of calibration. For any counter where the
calibration verification result is more than 3 standard deviations from the value
determined at calibration, tbe results should be flagged "estimated" (J).

AJ1 samples analyzed after a verification beyond control Umits and before the next
adjacent acceptable verification should be flagged "estimated" (J).

If the calibration verification was not performed, all results should be flagged
"estimated" (J).

OROR33AJ29.S1
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Internal Laboratory Spike Analysis

Internal laboratory spikes (ILS) should have been analyzed for each target isotope at
a frequency of 1 per batch of 20 samples. The ILS samples provide an indication of
laboratory accuracy.

The acceptance criteria are based on the ILS value being within 3 standard deviations
(3o) of the known value. The calculated uncertainty of each observed value of the
ILS samples should be used to establish the 3o control limit. All values associated
with an ILS beyond the 3o control limits should be flagged "estimated" (J).

Duplicate/Replicate Analysis

A laboratory duplicate should have been prepared and analyzed for each batch of
20 samples. The duplicate samples provide an indication of laboratory precision.

A control limit of +_ 20 percent for water samples, and +35 percent for urine, soil,
sediment, and building materials samples for the relative percent difference (RPD)
shall be used for samples values ^5x contract-required detection limit (CRDL).

A control limit of +CRDL for water samples, and +2x CRDL for urine, soil,
sediment, and building materials samples shall be used for sample values <5x CRDL,
including the case when only one of the duplicate sample values is <5x CRDL.

Check the raw data and recalculate one or more RPD using the following equation to
verify that results have been correctly reponed.

RPD - "j * 100(S + 5)12

OROR35O29.51
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I
Where:

S - First sample value (original)
D - Second sample value (duplicate)

Verify that the field blank was not used for duplicate analysis. If the field blank was
used for duplicate analysis, all other QC data must be carefully checked and
professional judgment exercised when evaluating the data.

If duplicate analysis results for a particular radionuclide fall outside the appropriate
control windows, quality the results for that radionuclide in all associated samples of
the same matrix as "estimated" (J).

All results associated with a field replicate beyond control limits should be flagged •
"estimated" (J).

Blank and Background Analysis
t

One laboratory blank sample should have been prepared and analyzed for each batchi
of 20 samples. Blanks are used to determine background counts due to
environmental and reagent radiation sources. High blank sample results may indicate
the presence of laboratory or counter contamination.

The results for all blanks should be recorded and plotted on a QC chart. Control
limits should be set at 3 standard deviations from the mean. If the blank QC results
fall outside of the appropriate tolerance limiu (3o) for the set of samples covered by
the blank, qualify the results for all associated samples as "estimated" (J).

The occurrence of background counts above minimum detectable activity in
laboratory blanks should be documented. If radionuclides are detected in blanks,

ORORiS 029.51
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I _ . .
( then sample results for the same radionuclides should be considered as positive only if

they exceed 5 times the blank concentration. Samples that show positive results less
I than 5 times the blank values (for radionuclides detected in blanks) should be flagged

"estimated" (J).

I
I

If a compound is found in a blank but not in the sample, no action should be taken.

Backgrounds should be run on each scintillation cell weekly or prior to each use. The
current background should be within ±3 standard deviations of the previous
background.

Quantitative Review

Results should be reported in pCi/g solids (dry weight) and pCi/I water. Sample
results should be reported to two significant figures. "Less Than" (LT) results should
be reported to one significant figure.

*

Radionuclide quantitation must be calculated according to the appropriate procedures
specified in the contractual Scope of Work (SOW). Detection limits specified in the
specific procedures must be met unless other detection limits are specified in the
SOW. Analytical uncertainties should be reported with all results in order to qualify
the data. Results and uncertainties should be reported for all required analyses
regardless of the size or sign of the result. The reported uncertainty should be the
standard 2 sigroa counting error.

The raw data should be examined to verify the correct calculation of sample results
reported on the summary form by the laboratory.

A. Examine the raw data for any anomalies (i.e., omissions, legibility, etc).

OROR35O29.M
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I B. Verify that there are no transcription or reduction errors (e.g., dilutions,

percent solids, sample weights) on one or more samples.

C. Verify that counting uncertainties have been reported or otherwise
documented.

D. Verify on one or more samples that minimum detectable activity has been
properly calculated as shown below:

4 66 'BLorr\*5
MDA (pCi/g solids, pCi/l water) -

Where:

Bkg = Background count rate in cpm
T = Count time
E - Counting efficiency
Vol = Volume of sample (liters for water, grams for solids)
R = Chemical recovery

Closely evaluate net negative results that have uncertainties smaller than the absolute
value of the negative result, this may be an indication of improper blank subtraction.
Such results should be flagged as estimated (J). The laboratory should be contacted
to determine if there is evidence of a background subtraction problem. If there is
additional evidence of a background subtraction problem, flag results as rejected (R).

If any discrepancies are found the laboratory may be contacted by the designated
representative to obtain additional information that could resolve any differences. If
a discrepancy remains unresolved, the reviewer may determine that qualification of
the data is warranted.

OROR3SA29.51
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Validation Flags

Data results that do not meet the acceptance criteria are qualified with flags, which
are single letter abbreviations that indicate a problem with the data. The following
flags are used in this guide:

J « Indicates the analyte is present, but the reported value may not
be accurate or precise because the associated quality assurance
(QA)/QC was unacceptable.

R = Indicates the data is unusable. This flag is used when the data
results should not be used to support project decisions.

UJ = The sample was analyzed, but the analyte was not detected
above the stated concentration. The associated value is an
estimated detection limit.

v

The following subqualifiers give further detail of the type and amount of qualification
a given result has received,

-D « Qualified because laboratory duplicate control limits were
exceeded

-S » Qualified because matrix spike recovery control limits were
exceeded

-C « Qualified due to instrument calibration problems

-B « Qualified due to blank contamination problems

OROR35.t29.Si
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I
I -Q = Qualified due to reasons not stated above—refer to the text of the

report

References

Sample Preparation SOPs from Controls for Environmental Pollution.

QA—Standard Operating Procedure for Accepting Spike and Duplicate Results
(CEP-QA-102, revised 1-20-89).

Radiochemical Data Validation Guidelines—Radium-226 Analyses of Soil and Water
by Radon Emanation. Rocky Flats Plant, Q olden, Colorado. Version 11. Rev.
September 1990.
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Validation Flags

I
Data results that do not meet the acceptance criteria are qualified with flags, which

! are single letter abbreviations that indicate a problem with the data. The following
flags are used in this guide:

J « Indicates the analyte is present, but the reported value may not
be accurate or precise because the associated quality assurance
(QA/QC) was unacceptable.

R = Indicates the data is unusable. This flag is used when the data
results should not be used to support project decisions.

UJ = The sample was analyzed, but the analyte was not detected
above the stated concentration. The associated value is an

! estimated detection limit.

The following subqualifiers give further detail of the type and amount of qualification
a given result has received.

_'

•D * Qualified because laboratory duplicate control limits were
exceeded

•S = Qualified because matrix spike recovery control limits were
exceeded

•C = Qualified due to instrument calibration problems

•B = Qualified due to blank contamination problems

OROR3J.011.5I
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.Q m Qualified due to reasoas not stated above—refer to the text of the
I report

| References

Sample Preparation SOPs from Controls for Environmental Pollution.

QA—Standard Operating Procedure for Accepting Spike and Duplicate Results
(CEP-QA-102, revised 1-20-89).

Radiochemica] Data Validation Guidelines—Isotopic Analysis by Alpha Spectrometry.
Rocky Flats Plant, Golden, Colorado. Version 2.1. Rev. September 1990.
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APPENDIX D

DATA FORMAT EXAMPLES
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I
1
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PROJECT *

PROJECT NAME

SITE LOCATION

DATE

SAMPLE COLLECTION LOG

SAMPLERS

WELL ID

WELL PURGING EQUIPMENT
TIME PURGING FINISHED —
SAMPLING EQUIPMENT ——

WELL DEPTH (FT. FROM TOC)
DEPTH TO WATER (FT. FROM TOC)

HEIGHT OF WATER IN WELL (FT)
ONE WELL VOLUME (GALLONS)
VOLUME WATER REMOVED
(GALLONS)

SAMPLE APPEARANCE _______

TIME SAMPLING STARTED

TIME

FIELD PARAMETERS

TEMP (°C)

SPEC COND. (umhos/cm)
PH
VOLUME PURGED(gal)

FIRST SECOND THIRD FOURTH FIFTH

SAMPLES COLLECTED (PARAMETERS AND PRESERVATIONS)

WEATHER CONDITIONS
OTHER NOTES —————

CASING DIAMETER (IN.)

Tas
1.80
2
2.5
3
3.5
4

CASING VOLUME (GALLONS/LINEAR FT.)
0.0*37
O.OtIS
0.1532
0.2150
0.3572
0.«M5
O.V525
1.4557
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MALCOLM PIRNIE, INC.

LOG OF BORING

PROJECT NAME:
lLOCATION:
IDRILLING CONTRACTOR:
DRILLING RIG:
DRILLING METHOD:
SAMPLING DEVICES:

ELEVATION AND DATUM:
START DATE:
HYDROGEOLOGIST:
DRILLER:
DRILLING ASSISTANT:
COMPLETION DEPTH:

FINISH DATE:

8PUT SPOON INFC
No. R0COV.

<*»)
Blow*
Mf 6'

DEPTH

1

a
3

4

6

6

7

1

•

10

11

12

13

14

11

16

17

1i

19

20

STRATA SOIL DESCRIPTION

t

HNU READINGS
•KOO
IPPM)

•

SAMP
(PPM)

TIME REMARKS

NOTES:
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APPENDIX E

BORING LOGS AND WELL CONSTRUCTION DETAILS
f GERAGHTY & MILLER (G&M) SERIES WELLS
1

r
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& NQLLER. INC.
r»y«<».«.-(w

/WgH C fTl -
S,«e f , A
Location o^\g/> i^.sv/j

SAMPLE/CORE LOG
f^,;, ^2.̂  L~ i__________.

Drilling " a

________ Sanea—££_.

'age.
Drilling

. Competea

Tota: Deotn
Lengtn ana Diameter
or Coring Device

Lana-S-jrtace Eiev..

*

___L__Jeet f-.cie &
^ *

( L"

, Type of Samae/
__L__:rxnes Ccnng Devce _

_'ee:
Drilling FiuiQ Used
DnUmg >
Contraaor ^iac
Preoarea
By ———

________________. Sampling Interval O —
Z Surveyee Z Estimated Datum.
_____________ PnHing

.'eei

,-ro'/ou» 5f^t/r'

T C^l
Hammer , Hammer __

-Weight _JilS___Drop ___2£-incnes

m««B>| Cm
I^___M

Tc (*•)
DM I
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\GHTY

.-,_:R. INC.
WELL CONSTRUCTION LOG

(UNCONSOLIDATED)

n ft

druiea noie

Welljjasmg.

inch fliameier

inch

G Backfill
rout _

n-
Bentonne fi slurry

_______ V Z penets

s_ Wen Screen.
""• men

Project _J
Town/City
County M&.__________

Permit No. ______________
Land-Surface Elevation
and Datum ______ feet

-W«n -I

3 Surveyed
C Estimated

installation Date(s)
Drilling Method UoltiM.a T&j

Drilling Contractor
Drilling Fluid _____

("*\e*\t.

Development Techmque(s) and Oate(s)

Fluid Loss During Drilling ______

Water Removed During Development.
Static Depth to Water _______

P& .siot

Gravel Pack *£
Sano Pack °
Formation Collapse

Pumping Deptn to Water__
Pumping Duration ______
Yield _________ gpm
Specific Capacity _____

———— 9-
. feet oeiow >
. feet oetow i

hours
Date.

Well Purpc«___l___l______
, gpm/ft

/r .. Remarns.

Measuring Point is
Top o> Well Casing
Unless Otherwise Noteo.

"Depth Below Una Surface
Prepare, by V
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"'vaa.H'iitrCoiuy'inius SAMPLE/CORE LOG

Soring/Well ^("~ L- FroiecVNo. - /O '
S;e fjLocation *-'' Lt.r\

_Page__
Drilling

.Completed

Tc:ai Deem D/iiie<3 _
Lerctr. ano Diaiieter
of C~cr;r,g Devce _

'eet

'
Diameter.

Q-x l.t."

Type of Sample/ - , ,
i.-cries Coring Device -V?ijT

Lana-Surace Eiev. .feet 3 Surveyeo 3 Esumaieo

Fluifl Use<3

Sampling Interval

Datum

Drilling

r> — Jeet

i

Drilling
Contractor.
Preparea
By ———

- . — ~.
••^e.^4- rS

y
'V.
Hammer

StmwtfCora 0«e0t

Ffem fc

Hammer
DrOO inehae

<K
'/-2.-T-3 !

//

m.

-ftl̂ r

Ho Vi

Q ('Vyl Oy^oT i /•« OT
0 ,

•* fbO î*r*i /2l

T ^ O T (̂ •s

v-tnt .

300838



I
1 "» VGHTY

_a7 •-— -*. INC
ft/fr C'Ouna- **airr Conivnanu

- ^./r

/̂;/1 /
r///

»
«

ii
j
r

1 ——————— I r - n-

t

/•
/
/
/

r

t

——

^M

—————

=

™

=

™

=

E
™

r»
/
/
f *^~ inch Ciami
/ cruieo hoie
A
VI
/N-Well casing.
I A 3' .^r,e,am

V TVC, T^t* t-o
1 .>_ SacKfill
yVZ Grout/j»Aw UU1 ——— - ————— -

4 - ,' w.O ft*
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| Permit No. ., ,,. * ... ,.__

'ter i Land-Suriace Elevation
! and Datum ,„.,,. fMt ^ Sun^yffl

] ^ P^nmaiffl
e!er>

 ; lnstaila?i«" Da"*(«i t/-/u-^-
Prilling Method fTtoHoi ^ 7r"QS\ Q^OLAf' f^oUiLe &

Prilling Flwif — " ~

Development Techmque(s) and Date(s)

•.
j

i Fluid L0S* During Drilling _ galtoi

i Wat^r H?mo««d Punng D*w«lopm(»ni , _. . _ _ gallo:

| Static Dapih 10 Waiar f*«t b*iow M
«r 1

i Pumping Depth «o Water „. , (MI b«low M
. SlOl ;

I Pumping Duration _ .. _ hours
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1

i
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SAMPLE/CORE LOG

5oring/WeiiJillkî _ Prc,ec*.'No. Ai '^rO'LT: t •
Site :-!,,-> r*r^ AAJ

Drilling
Sraneo

y-M-i •7

Total Dec:n Dmie<3
Lengtn ana Diameter
ol Coring Devce __

_'eet Hwe Diameter.
l , / "• y /-4>______

Tyoe o( Sample/
.incnes Conng Device

Land-Surface Eiev..

Drilling Fluid Useo
Drilling t
Contractor __,

.feet G Surveyea C Esumaieo

. Sampling Interval

Datum_____

Jeet

.Dnlbng Mi»irwi

Ul
Prepared ^ / -7-
By _

I '

X Hammer '
Wtegnt

Hammer

i •» BTMcit Can

To

Tlm*M«anuiic
t̂aun or

Btom pw I

i l

o ! g I |To
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6> !c.a '\
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<?-i
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/
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ii

*^- . ,,_ inch riiameier
drilled noie

^Weil casing, i

^. . . -91/.. '

CONSTRUCTION LOG
(JNCONSOLIDATED)

Proi*et AJCi-"iT_ i_T. i

Town/City CU L§ ̂  C.«a VL»—

Caunty A C^S CW

Permit No.

Land-Surface Elevation
and Datum , _ ,, f*«t

Installation Dat^s) <J_- (^j51

Well (UfTO- ^*^

State f\)y
/

2 Surveyed
3 Estimated

i ' Drilling M*thoa '-Mlfl.̂  r^Ct^ GIA*U^<- fy^aU U- S
^j BawKlill L/L > ' ' •<!
{3. Grout .V<H^-''f PJAr^?.;'1^- : Drillino Contractor C l̂c_ciLj*_

)
i

£~ ft'

Bentonite 2 slurry
•:• ~ pellets

<_ Well Screen.
1 •*— incn rtiam«t«r

<cwH^|0^. [0 slot

y/ i^

xx^>2ravel Pack •*• 1
— •""' Sand Pack
^ffl Formation Collapse

Measuring Point is
Top of Well Casing
Unless Otherwise Noteo.

* Depth Below Land Surface

Drilling Fluid """"

w

Development Technique(s) and Date(s)

Pluifl Lets During Drilling ,. .,..,

Water Removed During Development
fitat.eDapth to Water

Pumping D«pth to Water

QftltO

QAllfi

fMt Ckelenui M

. ,... . f**tbeioi«M

Pymping Oyra"P" ..... , hours
Yi*|d ._ .._. gpm

Spaeilic C=pacity _ .,._

Wall Purpose 1(1 f*> • "laf

Date

gpm/n

RomarK*

i

i

!

Prepared by "V A • V^ 1 C3C.

•M ««« oj»r
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3 MILLER. INC.
round- Weitr Consultants

8onng/Weil.iaiiLi{
SAMPLE/CORE LOG

S<:e f ; A

Total Denin Drilled . J(f>
Lenctn ana Diameter
ot Coring D»/iC6

Lana-Surtaee Elev .

Onlling Fiu.a Us*a .._..
Drilling ^
rnmrartr.r J CCJC,

Preoarea •>. / — r
By V <i . V

... Drilling 7:S~V DnUing ^o
Li W St*npn 'J-'C-3> rampjpma /O

/ Type of Sample/ «_ . •
(POI Hoi* Diameter fa __ . incftes Coring D*UITJ. ~fll,T S^OOr>

•< i
^ / 1 • U ' Sampling Interval 6 -/to

... feet ~ Sur\*y*a H Paimated Qaium

~ * DriHing M»tnnn p^MO(o ofani

nn ^01-'ilL^ HJJ/lOI"to"0:
• \ ^. Hammer (u Hammer̂ ,

feet

(L+^c*j

Jncnes

Can

-I oLi /. r 'T-?-^,.

/(o ' /.(.

L»5taji
- .
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Tf~ Grout

9 Be^tonne £ s

i T~.J ...

*Ss_ Wen Screen.
"*- ir.cn

^^ Gravel Pack
•c — • i Sand PacK

*

WELL CONSTRUCTION LOG
lUNCONSOLlDATED)

P» . f '

• Project ^J_| VT.̂ - u "— ' vu»'1 (
1r''l*U

i Permit No ,, ' ,.,.,. .,„.,

:nc;arr,eter Lana-Surtace Elevation
1 and Datum feet 3 Swveyed
I

cn Oiameter, installation Date^s) ,.. .JJ "' *•""*? "^

Drilling Method l^»JlO^ *"t*"n 'AX, a^f ^Vl» w. L. 8
Drilling Contractor _Scct-fc_

Drilling Fluid _. MI ,.. —

Development Techmque(s) ana Date(s)
lurry

s ',

Fluid Loss During Drilling , _ , , __ „ g;

Water Remewed During Development *— * g;

Static Deptn to Water , feet beio«.

Ciameier . pumpin_ r^pm to Water . feet Be!o»
^ s;e:

Pumping Duration , _ ._ hours

Yield „....,,.. ., ., , „, gpm Date ,. ...

Soeeiiic Caaaeitv eam/tt

= : "̂ Zl Fof mation Collapse Weii Purpose M (S* <•&*

ijfllr

Measuring Point >
TOP of Well Casm
Unless Otherwise

' Depth Below Lar

i

i

t

5 - ——————————————————————————————— — : —————— - ——
5
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10 Surface j , , __
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SAMPLE/CORE LOG

S'le / . A ,
LDca:.an ' ,v\^ r* L^o«o- . t**'

O-TTotal Ocsin Drilled , /'..-'• :̂ ei riole dame«er
Leng:ri ana D.aneter o ' i / n
at Cor:ng D»/irc O / '.(3

Lane-S-jrlaei» ?i«w , ,. ... „, !«*t ~ Sun«y«l

Drilling Fluid Used
Drilling ,-J
Coniraerer -aCcKs^-

Prepared \/ T f 1
5y \/ **1 v^\ V^*V^i* ,̂ *~

Cninng /c
Siarton Q

, v5 inches

C Esamated

Dr

>//>/>>
- - ̂  Drilling

• *•'- 3 T Comni«ed

Type of Ssrnpie/ _ . .
f̂ iying D*uirj» ..J '̂.'T" *^6Oo

Sampling l««fval 6 - 2 "7- fact

Hammer Hammer-
VU^ght )MO nmn ^ ,nrĥ
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/I S«naMfCof*<6«eo<

(tat MOB ana Con
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1 ) // M 5**^^^
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rCe"ul""H" WELL CONSTRUCTION LOG

(UN-CONSOLIDATED)

)^o
. Project .•O.Li?-'*- *" -1- > W*" kOH-*"" "

ft »KC s "*'t ' Tawn/Ci;y '̂-«r C.-1^*—
: County Oc«>Sa-~ Sial* ^V

. ; Permit No „

"^ <3 .ncnoiameter Land-Surtace Elevation
aruleo noie

ana Qatum f««t D Suruey»0

•^Well easing ... , ., _, , H ^stim?,»<j
! t^- ;neneiametef > ,....,,.. naiajti W-T^l-^1"^

— c
 ( ; Drilling Metnod _i4ilijat-i W^t«^ (ĵ uiC î̂ - rh^biU. i

|-j[ Srcut Drilling Contractor 5l.CC<^«_

• Drilling Fluid " ——

1 v
Development Tecnnique(s) and Date(s)

Benionite — slurry
„ l.Vi... ,.-' — penets

ii

n . Fluid Loss During Drilling . ..gal)
f- *•

water Aemevw Ovring fj««eiopmeni g»i:

^ Well Screen Static D«ptn to Watar _ fe*t»eiow»

^ 'nCr diameter ! Pumping D*oth to Water . ,„. l^t B.IOW >

n\ft~ Pymping Duration , . hours

^n ., .. Yield , _, ., __ gpm Date
^ T' f + fSk\jAI W9f*V^^^Jv ^"' fl • V ' owK

——3" Sana PacK Sp*C'l'C Capacity _. . gpm/H
•̂Qf Formation Collapse w«u Purpos* V ̂  j^r^

V ^^ ft*

A"J, Remarics

Measuring Point is ——————————— - ————— - —————————————————— — ——
Top ol Well Casing
Uniess Cnnerwise Noteo.

'Deptn Below tana Surface ' / _
i Prepared by ..).. 4 UNjcr^-tr^

»«• «w«« Jl>
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i'MILLER. INC..
ro*r\a- Waitr Consultants SAMPLE/CORE LOG

.Page.

Lxancn
Drilling 3' Dnlbng

.Compieied ^T

Tea; Der.n Cniied ' -> '̂ i
jjenc;-. anc Diameter ^ £j_
oi Cor^.g Ce^ce ____-^ "

Diameier.
Type a Sample/ - i i

.incnes Coring Device 5£>'' • ^Oto*^
l l / S I S

:__________________ Sampling Interval O "" ' ^— <e*t

Z Surveyed Z Estimated Datum____

Drilling Fluid Used
Drilling £•
Contractor -.n^f)'
Prepared
Sy ————

___ Drilling Metnoo.

.Driller__B<

**uU\

.Helper:

q. Hammer Hammer
.Drop _____incnes

« MOB arc

Fmm To

Tbiw/Hydnuilc
Con P>««uft or
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WELL CONSTRUCTION LOG
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p•i
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—
—
=
=
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^ TrtkA/rt/i^ilu L-A L* ^ C^A^»**^

7
/

V

/
•d
/
/

•v

•

-.-

1

*"*-• o men diameter '
drilled note |

.j-l.,. . inch diam«i*r !

Caumy /Uc.S^^*^ Slat* ^U

P*rmn No

Land-Surface Elevation
and Datum . <Mt J3 Surveyed

______ -. C" E*«"naied
installation Dat«(s) ,.Jf2//^f ..

Drillmo M*thari ^S.'/iL^ f^ >*» ^<«c .̂ ^^ /L X £r^ BacKlill - —————————————— 3 ———————————
iQ* Grout ,, , ' Drillmo Contractor . f.r"0*Ct

I^^^ i

Bentonite I! Slurry
/ ft' S'peiiets

i

«r»v- *:•

K_ Well Screen. :

• ^" Vinen diameter '
*^lQPX' ' -\ slot '

^^C Gravel Pack
—^5 Sand PacK
^Q Formation Collapse

y^-

Measunng Point is
Top of Well Casing
Unless Otherwise Noted.

Drilling Fluid A/*^*—

Development Technique(s) and Date(s)

-

Fluid Loss During Drilling .

Water Removed During D«valopment

Static Deam to Watar 3 . ̂ *"^~ b 4. . "? "V-fS' feet n*ic

Pumping D«ptn to Water .. f*«t h*ic

Pumping Duration ., ... hours

Yialrf gpm Date . . .

Sp*C'»'C Capacity _ . . . gpm/ft
- y . • 1 • I f 1 f

Wfll Pyrrx><* ''• ^-' ToOrt*. !t*.r*!,rJ _o &"«L o^"
i 0 Cj '

6 fr*fJrj^^ d '̂Cc ̂ ^s
r

flfin^eirKS ^_a? •OC* ̂ T*1^? ftf* \r ' J C^e^^- £^A£ 1 f^P^^\m ̂ L *^r y

L*sJ*~~~+J>** "

,

•Depth Below Land Surface
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3cring/Wefl_
S,;e

SAMPLE/CORE LOG
A."Suv<-r:>t______________ Fage_

r\AI . Sanea.

Tc:ai Deer, 'ee;
Tyoe of Samcxe/

,-cnes Conng Devce

OnlliftQCompieieo

Lerrn ana Diame'.er „ _ [ •_ . ^
ci Csnr.g Device — • "" •• ^\<*______________

Lana-Su/iace Eiev.______'eet ~ Sur«yeo D Esimaied Daium.

____________________________. Drilling

*/?

Sampling interval ^ - W-____feet

Drilling Fluid Usea
Drilling ..-
Con:rac:cr __

»n

.Driller. oO

By
Hammer Hammer

Drop ____mcnes

t M ar«Bt) Can

to

IS.IT ,

CAM tan»09*«(
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WELL CONSTRUCTION LOG

(UNCCNSOLIDATED)

V

1>.!~
V

>t
Protect All
Town/City _
County __
Permit No.

.Wen.

. Slate.

oruieo noie
men diameter

casing.

.•d BacKliii
Grout _

A

Land-Surface Elevation
and Datum _______ »e«t

installation Date(s}
Drilling Method
Drilling Contractor
Drilling Fluid -

3 Surveyed
Z Estimated

Bentonue — slurry
_______ ft' "% penets

DeveiopmenLjechnioue(s) and Date(s)
w-r-88

Wen Screen.
"^ inch

Fluid Loss During Drilling
Water Removed During Development
Static Depm to Water "3-.S"' ^>

L2_siot
i> • 5

Gravel Pack
Cj Sand PacK
C Formation Collapse

Pumping Depth to Water
Pumping Duration
Yield ^'° gpm

I Specific Capacity _____
WeiiPurpcsfl.

. (eet

. leei below
hours

Date.

Measuring Point is
Top of Well Casing
Unless Otherwise Notea.

' Depth Below Land Surface

1 0 ^ -t-s.t?L 5 l i .'^.f L >J-
O. &»

<r»«X»-.

Piepareoby

*»« 04
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ijJI, C*" NliLi-llK. INC. f* - ••-»« mm !**.**.**.„ . ****SAMPLE'CORE LOG
.Page.

£:e
Location

Drilling

"c'.a! Cer:r: Dri
_. ?-. anc Diameter
0' Coring

_'eet -eie 3
M

f-> Tyoe Of
•nrnpg Ccrirg r*i>

Lano-SL.-'ace E-I _'eet Datum

Drilling Fluid Used ____d
Drilling
Contractor,
Preoared
By ———

fan

____ Drilling MetnoC.

. Dnller__D<

Q (V^
Hammer

Ttaw/H|dnuHe
l Cert P-MLTI w

.'eet

Hammer
.Drop ____inches

i i
O

i i

I I

CAM *e»» 00 Ml
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WELL CONSTRUCTION LOG
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X

X
X

X
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X
X

X
 X
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K

8H
B

L _
 •:...._.

, =

: 3

! =

: =

fl • -N9 s ««t Te«n/C,ly ''--. U^ (LOV*~

/v. ^'J^- , ,_*_.. . men diameter
/] Grilled hoie

/j^-Well casing,
A ... r?T._ inch eiameter.
'/i v^ vJ, ur

Coun'y ,,_, Mc.S5a-k«.

P«rmn No

Land-Surface Elevation
and Datum , „ (MI

Installation Dai«(*) M ~^"'6 %

Drillmo Method '-Mlaua *WU nO>, , Backf.il ! -
TVT Grout . Drillmo Coniraeior ti^^^X^g. ,.
ia Bentonite — slurry
_l P- •:• X oeiietsL,

"*•*,_ Weii^Screen.
"-• incn dimeter

PV.'_ SCH WO 0 slot

^_j Gravel Pack
• ^--j£ Sano PacK

^C Formation Collapse

1

Drilling Fluid __, _

Stat. AJ VI
i

-2 Surveyed
Z Estimated

fTu-v^x-
w

Development Techmque(s) and Date(s)

Q \ \

Fluid Loss During Drilling „ "~I ,

Water Removed During Development
Siatie Daotn to Water

Pumping Depth 10 Water

Pumping Duration ,. \ he

Yield 3- 0- gpm

Specify £a=aei:y

Well Purpose A1-/1 i'4o(T"

.

gai

teeioeiowl

fe«! below »

)urs

_ gpm/tt

f*. . . i Rernarns
' . ^ n-

Measunng Point is
Top ol Well Casing
Unless Otherwise Noiec.

'Deptn Below Land S-rta:e

!

I —————————————————————————

~ ——————— = ————————————
i r\ n i,

Preoareony U^ Oi Kr /^
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jrouna-*eter Consunjnis
f Vi c.eonngAVeil ^"'M

Sae p ,
Location ^ •. /•

SAMPLE/CORE LOG

fi|l,ng

~c:a: Dec:n Dnllea _
Lsncn anc Diameter
cl C"c:;r.g

Lana-Surtace E:ev.

Dr.limg FiuiO Usea
Drilling r
Contractor ___i
Preoarea /-
By _______L

.feet — Surveyea HJ Estimatea Datum.

Type 01 Sarr.pe/ _ . i
.•ncr.es Coring Devce -^ I. • ^

. Sampling Interval Q ~ ! "^ te«

.Drilling Metnod.

._"B
Hammer Hammer

_____Drop ____incnes

. Helper J

To (IMI) e/fl
1 Q

. to

c1 !? *. S.^l

cJcw

ftttt
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WELL CONSTRUCTION LOG
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/
V,

/
>

•<

I
"

•v

•

--

"""̂  , ;> :nch diameter
drilled note '

v— Well casing.
I-'. . .nrn f:?rr.if\$r ,

rP Backfill
rj Grout

_ l_n-
" Bentoni-.e Z slurry

' ^7 ft' ^ peliets

^ Weji Screen.

/3vc-*.Ci.^O 3 smt
t

.xQ Gravel PacK
^-3 Sand Pacn
^Q Formation Collapse

Measuring Point is
Too of Well Casing
Unless Otherwise Notes

'Depth B«lcw Land Surface

Town/City Cf^ i^ /\ r j^~J^

County fl *-»S«u .̂ State AJV

P*rmn No .. .,..

Land-Surface Elevation
and Datum _ . f**t ~ $y~*y»fl

Installation Daisys) _tJ.:_L!' ? ?

Drilling Methec _ .-tsii1?1-0 *?tt ?VN CLuo t̂r*

Drilling Contractor £.(*"> ,0- «"j_
*

Drilling Fluid . . n_^p Jf^*—

Oeveloprnent Tecnmque(s) and Oate(s)
^90-p^'-*-.^ ^JP ^7L*oO U-^"-C^?

o l r

Fluid L=« During Drilling _ . . "~~

Wal?r R*mov«a During Davalopment . JflS_, ,_

Rfatic DAptn to Water tJ . ^ j. ' (V-f-fyy fM—

Pympir-j 5«p!h to Water . fe«t

Pumptn; Du'at!Cf- <) * -> hour?
Yl°w <# • 3 , gpm D»>* _

1

cajior
jailor

M.unM.:

DeiowM..

Remar« —— ̂ oK^ \/OO *&/v,/3Ut -?-rt3^ "^
5|^s«»/^c .

^

•0. ffkrW
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rsura- •* aitr Corjui:en:i SAMPLE/CORE LOG

Scat, n <!•-'•;/•• Os\LL,
Dml.ng -**~ 6 '6

Compieteo

Total Oectn ^4 .-eat C.ame'.er
Type ct Sampie/ ,

.;.-cnes Coring Device —>/
Lercin anc Diameter r. i ^ c
ot Co:.r,g Device ^ y ^

Lana-Surtace Eiev.. .'eet Z Sun.«yeo 3 Estimated

. Sampling interval

Datum_____

Drilling FiuiC Used
Drilling
Contractor _
Prepared /->
By CX.

. Drilling

.Drtler. .Helper.
Hammer „ , \\ Hammer

iiib.Weignt i. Drop

Can PflMuit or
•oBt PK I

O > 2.
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IT

Jeet
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